Successive sampling of temporary Daphnia magna populations revealed significant fluctuations in genotype and allele frequencies, but these changes did not show any clear seasonal pattern. Rapid frequency changes, which were mostly unique for given populations, reflect differences in fitness values between genotypic classes. It is suggested that the effect of selection is strengthened by the lowered effective population sizes due to great fecundity differentials and fluctuating population sizes. Specially great genetic changes in one generation during winter diapause imply strong selection and a relatively small number of overwintering eggs. During parthenogenetic reproduction the amount of variation remained stable or increased slightly, but deviations from the expected genotype frequencies increased toward autumn. Most of these deviations were due to a deficiency of heterozygotes. The analyses of evenness showed that clonal diversity remained relatively stable. The data demonstrate that selection changes continually in response to a changing environment and to the changing genetic organization of each population and, thus, maintains clonal diversity in D. magna populations.
INTRODUCTION
The environment of most populations changes from time to time and, presumably, so do the selective values of the different genotypes. The situation becomes particularly interesting if the selective values change direction between generations, which may maintain a polymorphic condition. Another type of selection that may be important in maintaining the genetic diversity of populations is frequency-dependent selection, whereby genotypes experience increased fitness as they become rare. In such populations where bisexuality is uncommon a third mechanism, heterozygote advantage, would not maintain genetic diversity, but rather cause the near-fixation of a multiply heterozygous clone (Berger, 1976) . Wright (1977) has pointed out that mass selection among populations consisting of a mixture of clones is more effective than in a panmictic bisexual population since selection acts on entire genotypes from generation to generation in the Daphnia magna is a cyclical parthenogen which has a life history consisting of a unisexual, apomictic phase, which is predominant during the favourable growing season and when the females produce diploid offspring in numerous parthenogenetic broods, and of a bisexual phase, which leads to the production of diploid resting eggs in a protective ephippium. The resting eggs persist throughout the unfavourable period, which may be winter or a dry season. Bisexuality affects the clonal structure through recombination by creating a greater spectrum of genotypes.
In this study genotype (clone) and allele frequencies were determined at several allozyme loci in ten intermittent D. magna populations for almost three years. The aim of the work was to find possible seasonal patterns in the genetic properties and clonal diversity of D. magna, and to consider the forces responsible for the changes or maintenance of the genetic structure. Using horizontal starch gel electrophoresis, populations (about 100 individuals from each sample) were screened for electrophoretic variants of the following enzyme systems which were found to be polymorphic and which had a relatively good resolution: Alkaline phosphatase (ALK), esterase (EST), glutamate oxaloacetate transaminase (GOT), leucine aminopeptidase (LAP) and malate dehydrogenase (MDH). Sampling and electrophoretic techniques employed have been described previously (Korpelainen, 1984) . The gels were run for 5-6 hours at 100 volts (1982-83 samples) 
MATERIALS AND METHODS

RESULTS
Electrophoretic phenotypes
EST-2 was the most variable locus of the six polymorphic loci studied. In all populations three alleles (F, M and S) were found segregating, and all possible genotypes or at least most of them were detected in every population. The locus ALK-1 was relatively variable in Halsholmsgrunden but in the other populations it possessed only a low level of polymorphism. The number of alleles was two (F and M) or three (F, M and S) except in the population Aligrundet A4 where a fourth and fastest allozyme, Z, was also found. The rare alleles Z, M and S were detected mainly in heterozygous individuals.
All other loci possessed only low levels of heterozygosity. At the locus LAP-i two (M and S or F and M) or three alleles (F, M and S) were found segregating. At LAP-2 other populations had three alleles (F, M and S), except the population Allgrundet A4 which possessed two alleles, M and S. At the locus GOT, in addition to the predominant allele M, two rare alleles F and/or S were detected in all populations except in the monomorphic population Allgrundet A2. At the almost monomorphic locus MDH all three alleles (F, M and 5) existed in all populations except Allgrundet A5 and Aligrundet B2 where the fast allozyme F was not found. Rare alleles, which existed in a particular population, were not detected every time in the samples examined.
Population structure and dynamics All D. magna populations studied were intermittent, which means that in the beginning of each reproductive season populations were refounded from diapausing ephippial eggs. All or most of the eggs hatched into parthenogenetically reproducing females which initiated a rapid population growth. After the spring peak in the intensity of reproduc- (table 4) . In order to test between-year fluctuations, the genotype and allele frequencies of the late summer samples, which represent the stage when the intensity of reproduction was low and the number of bisexual females was still small, were compared to the late summer frequencies of the following year (1982 vs. 1983, 1983 vs. 1984) or spring frequencies were compared to the spring frequencies of the following year (1984 vs. 1985) . Between-year genotype frequencies differed significantly in 12 out of 26 cases and allele frequencies in 12 out of 26 cases.
The amount of heterozygosity
Temporal changes in the amount of genetic variation were followed by computing the average expected heterozygosities for the pooled data of May-June, July-August and September-October samples, based on four polymorphic loci in 1982 (ALK-1, EST-2, GOT and MDH) and six loci in 1983-85 (the above loci and the loci LAP-i and LAP-2) ( Association between the loci Apomictic parthenogenesis can maintain any array of genotypes at one locus as well as at several loci. In order to find potential associations between the loci, pairwise disequilibria were studied for locus pairs where the frequencies of the most common alleles were less than 090. At each locus the data were divided into a two allelic class: the most frequent allele was chosen as a principal allele and all other alleles were combined into a synthetic allele. This may result in some loss of power in testing for disequilibria (Weir and Cockerham, 1978) , but the numbers of the rare alleles in the samples were not large enough for dealing with individual alleles. The data of this study consisted of genotypes, and therefore Burrows' measure was used (Cockerham and Weir, 1977) . The use of this measure has been recommended by Weir (1979) in all cases where genotypic data are analysed. The maximum-likelihood estimate for z is obtained directly from genotypic data and is defined as follows (Cockerham and Weir, 1977) 
where tildes refer to maximum-likelihood estimates of allelic and gametic frequencies. The significance of was tested by Fisher's z-transformation of the correlation coefficient, as described by Weir (1979) .
Because the frequencies of the rare alleles at loci other than EST-2 were usually very low, the test of association could be performed only in 27 cases (ALK-1 vs. EST-2, ALK-1 vs. LAP-i, ALK-1 vs. LAP-2, EST-2 vs. GOT, EST-2 vs. LAP-i, EST-2 vs. LAP-2 or GOT vs. LAP-2). Significant disequilibrium was found in one case, in population 10 between the loci ALK-i and EST-2 in July 1983. Although the small amount of data for the disequilibrium study limits the interpretation of the results, it seems that selection between different composite genotypes is not continuous enough to create significant associations between the loci.
Clonal diversity and evenness
The measures of clonal diversity and evenness are based on Simpson's (1949) species diversity index, SI = where p, is the frequency of the ith clone in the population and the summation is over all clones. This index gives the probability that two individuals selected at random will be of the same clone. It decreases as the distribution of individuals among the clones becomes more even and, thus, goes the "wrong" way as a measure of diversity. This is easily corrected by using D = 1 -SI. SI is similar to some measures quantifying the amounts of genetic diversity (Parker, 1979) . D, which is the complement of SI, is mathematically equivalent to sample heterozygosity or gene diversity at a single locus (Nei and Roychoudhury, 1974) . The reciprocal of SI is analogous to the effective number of alleles in a population (Kimura and Crow, 1964) . If all clones were equally frequent, then the effective number of clones would equal the actual number. Otherwise, the effective number is always less than the actual number. To allow comparisons between populations with different sample sizes and numbers of clones, Fager (1972) The results of the examination of temporal dynamics in clonal diversity in D. magna populations are shown in table 6. In reality, the numbers of clones are far greater than the numbers found by electrophoresis. Evenness and the number of clones represent different aspects of clonal diversity, that is clonal equitability and richness, respectively (Hurlburt, 1971 
DISCUSSION
The effective population size influences the dynamics of genetic structure under natural selection since the probability and rate of fixation of a selectively advantageous mutant is an inverse function of effective size (Kimura and Ohta, 1971 Temporal changes in the amount of genetic variation and in the degree of deviation of genotype frequencies from the expected proportions showed more seasonal regularity than genotype and allele frequencies. During the prolonged period of parthenogenetic reproduction the amount of variation remained stable or increased slightly. Parthenogenesis did not suppress the amount of genetic variation, and perhaps some ephippial eggs hatched after the beginning of the mainly parthenogenetic season. Deviations from the expected genotype frequencies increased toward autumn, which is the consequence of differences in all season sum fecundities between genotypes. In populations refounded from ephippial eggs, the genotype frequencies were in good agreement with Hardy-Weinberg expectations. A consistent tendency for excess heterozygosity at allozyme loci was not observed, as in many other D. magna studies (e.g. Hebert, 1974; Young, 1979) . in fact, most of the genotypic deviations were due to a deficiency of heterozygotes.
Maintenance of genetic variation throughout the mainly parthenogenetic reproductive season indicates that cyclical parthenogenesis does not lead to a decrease of genetic variation, using phenotypic selection models directly coupled to the polygenic system, Lynch and Gabriel (1983) examined the consequences of periodic bisexuality. They found that by exploiting hidden genetic variance released by bisexuality, cyclical parthenogenesis periodically allows much higher rates of phenotypic evolution than can ever be attained under obligate bisexuality, and in the long run rates of phenotypic evolution are approximately independent of the frequency of bisexuality in populations which have attained their equilibrium levels of genetic variance. The periodic release of hidden genetic variance by the hatching of bisexually produced offspring allows a population of cyclical parthenogens to rapidly adjust to potentially new selective pressures. Lynch and Gabriel also suggest that cyclical parthenogenesis is rare not because any inherent disadvantages, but because of the strict requirements necessary for the transition to and maintenance of such a complex life cycle.
The analyses of evenness allowed an examination of the dynamics of clonal diversity from the standpoint of "community structure" of sympatric clones. Despite great frequency changes, there was no indication that selection could rapidly eliminate all but the single most fit clone. In fact, clonal diversity remained relatively stable. A major issue yet to be resolved is the mode of selection which maintains the diversity from generation to generation. The polymorphism of D. magna populations seems to be flexible, responding to physical and biological components of the environment by changes in genotype (clone) and allele frequencies.
The data of the present study demonstrates that the intensity of selection, and even the direction, is often not the same in different stages. Selection changes continually in response to a changing environment and to the changing genetic organization of each population. Thus, the frequencies do not appear to be directed towards any single set of equilibrium frequencies. Rather, the enzyme polymorphism seems to resemble a "protected polymorphism", one in which selection acts so that genotypes (clones) and alleles are not lost, and in which the demography of selection may take various forms, including even continual movement. These variable fitness values, along with bisexual recruitment, may be essential in maintaining clonal diversity in temporary D. magna populations.
